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Abstract: The formation of 2,2-dinitrocyclopentanone oxime is described during an attempted
nitroacetamidation of cyclopentenecarboxaldehyde using ceric ammonium nitrate and sodium nitrite in
acetonitrile. Progress towards the total synthesis of 1-amino-2-nitrocyclopentanecarboxylic acid is also
discussed. © 1998 Elsevier Science Ltd. All rights reserved.
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Our current research involves the synthesis of the non-protein, phytotoxic amino acid 1-amino-2-
nitrocyclopentanecarboxylic acid, (ANCPA, 1).! While a synthesis of this naturally occurring compound has
already been published,? it involved the use of dinitrogen tetroxide (N;Oy4), an insidious, highly toxic gas.3
We sought to develop a route to the production of ANCPA that avoided the use this reagent. We also wanted
our synthetic route to be flexible enough to both facilitate the preparation of ANCPA analogs and to allow the
separation of sterecisomers.

H, CO,H
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The published synthesis of 1 began with the nitration of cyclopentenecarboxylic acid using a mixture
of N2O4 and iodine in ether to give 1-iodo-2-nitrocyclopentanecarboxylic acid.2 The iodine was then replaced
with an amino group using NH4OH to yield the desired amino acid as a mixture of stereoisomers. In order to
avoid the use of dinitrogen tetroxide, we evaluated several alternative nitrating systems.4 The most attractive
for our purposes was the use of ceric ammonium nitrate (CAN) and sodium nitrite in acetonitrile.5 If
successful, these conditions would have given direct nitroacetamidation of the unsaturated aldehyde 2, acid 3,
or ester 4 to give amides §, 6, or 7 respectively (Scheme 1). This reaction had previously only been
demonstrated on alkenes and not o,B-unsaturated carbony! systems. In order to work, a high energy
carbocation, adjacent to a carbonyl, would be formed which would then be subsequently trapped by the
acetonitrile solvent.> Although somewhat of an unlikely reaction, it was decided that the potential positive
outcome necessitated its trial. The one-step introduction of the protected amine was also crucial for our future
plans to enzymatically resolve stereoisomers. Aldehyde 2 was easily obtained from cyclohexene through an
established literature procedure.6 The aldehyde was then oxidized by silver oxide to give carboxylic acid 3
which in turn was esterified with 2,4"-dibromoacetophenone to yield 4.7.8
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Scheme 1: Proposed Nitroacetimidation of 2, 3, & 4
The unsaturated acid 3 gave no reaction with CAN and sodium nitrite, but the ester 4 did undergo
nitration to give nitro-ester 8 in 31% yield under the same conditions (Scheme 2). The formation of the o, B-
unsaturated nitro compound 8 was not without literature precedent.45.9 Compound 8 does provide a possible

route to ANCPA via its corresponding carboxylic acid derivative.2 This transformation has already been
demonstrated by Burrows and coworkers during their earlier work on ANCPA 2
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(NH,),Ce(NO5)s, NaNO,
. NO,
CH;,CN, RT, 24h, 31% yield.

4 Scheme 2: Nitration of Ester 4 8

Attempts to nitrate aldehyde 2 however, under identical experimental conditions, produced the rare
dinitrooxime product 9 instead of the desired 5 (Scheme 3).

CHO N
2 eq. CAN, Acetonitrile, 5 eq. NaNO,, I NO,

5 eq. HyO, RT, 24 h, 21% yield NO,
2 9
Scheme 3: Formation of 2,2-Dinitrocyclopentanone Oxime

The structure of 9 was determined by standard spectroscopic means and confirmed by its single crystal
X-ray structure.9 The yield of chromatographically purified 9 was quite low, but examination of the crude
reaction mixture by 200 MHz 'H NMR showed it to contain approximately 85% of 9. This compound is
somewhat unstable, partially decomposing on standing at room temperature over several days, although it
appears to be stable to prolonged storage at -10° C. The compound also decomposed at its melting point and
failed to give a molecular ion during mass spectrometry, even under conditions of soft ionization. Oxime 9
was esterified using a mixture of acetic anhydride and 4-dimethylaminopyridine (DMAP) in a
pyridine/methylene chloride mixture to give the dinitrooxime ester 10 in 68% yield (Scheme 4).9 Preparation
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of 9 using isotopically labeled sodium nitrite (NalSNO,) revealed that all three of the nitrogens contained in 9
originate from the nitrite and not from the CAN.

The arrangement of organic functionality in compound 9 is quite unusual. A literature survey showed
few compounds with the o, ct-dinitrooxime grouping have been synthesized. These earlier compounds were
prepared by a) reaction of nitric acid with chloroglyoximes,10 b) reaction of a chloroxime with a dinitro
anion, 11 or ¢) Michael addition of hydroxylamine to an unsaturated dinitro substrate.12.13 The formation of o
nitrooximes from alkenes has been reported previously, but in these cases only mononitration was
observed.14.1516 The reaction that we describe (Scheme 3) not only produces the o,ot-dinitrooxime moiety
under mild conditions, but also results in decarbonylation of the aldehyde. We are currently in the process of
studying the mechanism of the reaction as well as examining its application to other unsaturated aldehydes. In
preliminary biological studies, the dinitrooxime 9 exhibited moderate plant growth inhibition in vitro. Further
studies of these properties are also underway.

HO. Ac
SN NN

NO2 5 eq A0, DMAP, CH,Cl, I o,

NO,  Pyridine, 0° C - RT, 8h, 68% NO,

9 10
Scheme 4: Acetylation of 2,2-Dinitrocyclopentanone Oxime
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